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CHORD LINE SWEPT BACK 45°, ASPECT RATIO ‘6, TAPER

RATIO 0.6, AND NACA 65A006 ATIRFOTT. SECTION

TRANSONIC—BUMP METHOD

By Kenneth W. Goodson and Albert G. Few, dJr.
SUMMARY

As part of a transonic research program, a series of wings are
being investigated in the Iangley high—speed T— by 10Foot tunnel over
a Mach number renge of about 0.60 to 1.18 by use of the transonic—
bump test technique. In order to study the effects of wing geometry on
the wing—elone and wing-fuselage longitudinel stability characterlstics,
the same fuselage is being used for all wings tested in thils serles.

This paper presents the results of the Investligatlon of a wing-—
alone and a wing-fuselage confliguraetion employing a wing with the
quarter—chord line swept back 45°, aspect ratio 6, taper ratic 0.6,
and an NACA 65A006 airfoll section. Lift, drag, pitching moment, and
root bending moment were obtalned for these confligurations. In addi—
tlon, effective downwash angles and dynamic-pressure characteristics 1n
the region of the tall plane were alsc obtained for these configurstions
and are presented for a range of taill heights at one tail length. Im
order to expedlite the publishing of these data, only a brief amnalysis
1s included.

INTRODUCTION

A series of wings are being investigated in the Langley high—
speed T— by 10-foot tunnel in order to study the effects of wing
gecmetry on the wing-elone and wing—fuselage longltudinsl stabllity
characteristics at transonic speeds. The same fuselage 1s belng used
for all wings tested in thils series. A Mach number range between 0.60
end 1.18 is obtained by use of the transonic~bump technigue.
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This paper presents the resulis of the Investigatlon of the wing—
alone and wing—fuselage configuretions employing a wing with the quarter—
chord line swept back U450, aspect ratlio 6, taper ratio 0.6, and an
NACA 65A006 airfoill sectlion parallel to the stream. Previous data
published in this series for wlngs incorpora.ting b5° gweepback can be
obtalned in references 1 and 2.

MODEL AND APPARATUS

The wing of the semispan model had U45° of sweepback referred to
the quarter—chord line, aspect ratio 6, taper ratio 0.6, and an
NACA 65A006 alrfoll section parallel to the free stresm. A two—vlew
drawing of the model 1s presented in figure 1, and ordinates of the
fuselage of finemess ratio 10 are glven in table I. The wing was made
of steel and the fuselage of brass.

The model was mounted on an electrical straln—gage balance which
wasg enclosed In the bump. The 11ft, drag, pitching moment, and bending
moment were measured wlth a strain—gege balance.

Effective downwash angles were determined for a range of tail
heights by measuring the floating angles of five geometrically simllar
free—~floating talls with the ald of callbrated slide—rire potenti—
ometers. Detalls of the floating talls are shown in figures 2 and 3,
and a photograph of the model on the bump with three of the floating
talls 1s given as flgure 4. The talls used in this investigation were
the same as those used 1n references 1 and 2. A cubtaway view of the
sponge—wilper seal installed on the model 1s shown in figure 5.

A total-pressure rake was used to determine point dynamic—pressure
ratiocs for a range of teil helghts in a plane which contained the
25—percent mean—serodynemlo-chord polnt of the free—floating talls.

The total—pressure tubes were spaced 1 /8 inch apart near the wing chord
line extended and 1/4 inch apart elsewhere.

COEFFICIENTS ARD SYMBOILS

c 11ft coefficilent (LI¥ic 1 1ift
L =
c drag coefficlent (Z¥ice panel drag
D =
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Cm pitching-moment coefficlent referred to 0.25¢
(Betce-senel sitehina monent)
gSc
Cy bend Ing-moment coefficient at plane of symmetry
q effectlve dyramic pressure over span of model, pounds

per squé.re foot (';—' pV2)

ag, average chordwise local dynemlc pressure, pounds per
square foot

s - twice wing area of semlspan model, 0.125.square foot

c mean aerodynemic chord of wing, 0.14T foot; based on

b/2
relationship % f c2dy (using theoretical tip)
_ o ‘

ct mean a.erodyﬁamic chord of tall

c local wing chord

b twice span of semlspan model

y spanwige dlstance from plene of  symmetry
jal alr density, slugs per cublc foot -

v free—stream velocity'; feet per secomi

M effective Macil murber over gpan of model

M, local Mach number

M, average chordwise local Mach number
Reynolds number of wing based on ©

- engle of attack, degreesn

€ effective downwash angle, degrees
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- E}ELB_ ratio of poin‘t'; dynamic pressure at the quarter chord of
q the tail mean essrodynemic chord to free—satream dynamic
pressure at the tall
Yep lateral center of pressure, percent semispan (lOO %)
hy © tall helght relatlve to wing chord plane extended,

percent wing semispan; posltive for tall positions
above chord plane extended

TESTS

The tests were made in the ILangley high—speed 7— by 10—foot tunnel
by use of an adapbtation of the NACA wing—flow technique for cbtaining
transonic speeds. The technidue used Involves the mounting of a model
in the high—velocity flow fleld generated over the curved surface of a
bump located on the tunnel floor. (See reference 3.)

Typical contours of local Mach number in the vlicinity of the model
location on the bump, obtained from surveys with no model in position,
are shown in figure 6. It is seen that there is a Mach number variation
of about 0.05 over the model semispan at the lowest Mach numbers and
from 0.08 to 0.09 at the highest Mach numbers. The chordwise Mach
number varlation is generally less than 0.0l. No attempt has been made
to evaluate the effects of the chordwlse and spanwise Mach number
varlation. Note that the long dashed lines shown near the root of the
wing (fig. 6) represent a local Mach number that is 5 percent below the
maximm value and Indivate the extent of the bump boundary layer. The
effective test Mach number was obtained from contour charts simllar to
those presented in flgure 6 by use of the relationship

Efb/e
M== chy

5 Jo &

Similarly, the effective dynamic pressure was determined from dynamic—
pregsure contour charts by using the relation

5 b/2
Q=g o cq,dy
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The variation of mean test Reynolds number with Mach number is
ghown in figure T. The boundaries on the flgure indicete the rangs In
Reynolds number caused by vearlaetlons in atmospheric test condltions in
the course of the investigation. = wbs

Force and momsnt da.ta., effective downwash angles, and the ratic of
dynemic pressure at 25 percent of the mean aerodynamic chord of the tail
to free—stream dynamic pressure at the tall were obtained for the model
configurations tested through a Mach number range of 0.60 to 1.18 and
an angle—of-attack range of —2° to 10°.

The end—pleate tare .corrections to the drag and to the downwash
data were obtained through the test Mach number range at an engle of
attack of 0° by testing the model configuratlons without end plates.

A gap of about 1/16 inch was malntained between the wing root chord

and the bump surface, and a sponge—wiper seal (fig. 5) was fastened

to the wing butt 'benea:bh the surface of the bump to minimize leskage.
The end—plate tares were found to be comstant with angle of atteck and
the tares obtained at zero angle of attack were applied to all drag and
downwash data. Jet—boundary correctlons have not been evaluated because
the boundary condltlons to be satlisfled are not rigorously defined.
However, inasmuch as the effective flow field is lerge compared with the
gpan and chord of the model, the corrections are belleved to be smsll.
No ‘base pressure correctlon has been applied to the wing-fuselage drag
data.

© By measurements of tall floating angles without a model installed,
1t was determined that a tall spacing of 2 inches would produce negli-
glble interference effects of reflected shock waves on the tail floating
angles. Downwash angles for the wing-alone configuration were therefore
obtained similtenecusly for the middle, hlighest, and lowest tall posl-
tione 1n cne series of tests and simltansocusly for the two intermedlate
positions in succeeding runs. (See fig. 3.) ZExcluding the middle tall,
the same procedure was usged to determine the effective downwash angles
for the wing—fuselage configuration. In order to obtaln downwash data
for the chord—plane—extended position, a series of tests were run with
a free—floating tail mounted on the center line of the fuselage. The
downwash angles presented.ere Increments from the tall floating angles
:wilthout & model In positlon. Tt should be noted that the floating
angles measured sre in reallty a measure of the engle of zero pitching
moment about the tail—-pivot axls rather than the angle of zero 1lift.

Tt has been estlimated that, for this tall arrangement, an arbltrary
downwash gradient as large as 2° across the span of the tail would.
result in an error within the experimental accuracy of the measured
downwash angle.
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The total—-pressure readings In the tall plane were chbtalined at
constant angles of attack through the Mach number range without an end
plate on the model to eliminate end~plate wakes and with the support
strut gep sealed with a rubber—sponge—type seal to minimize any strut
leekage effects. The statlic—pressurse velues used in computing dynamic—
pregsure ratlios were obtained by use of a static probe with no model in

position.
RESULTS AKD DISCUSSION

A table of the flgures presenting the results

Wing—alone force data .« « ¢ ¢ ¢ &« o ¢ ¢ « o ¢ o« «
Wing-fuselage force data e s e . -
Effective downwash angles (wing a.lone)

Effective downwash angles (wing fuselage)
Downwash gradlents e o s e = s e e e o »
Dynemic—pressure SUIVEYS . « « « « s o o &

Summary of serodynemic characteristlice .
Effect of aspect ratio omr minimumm drag .

follows:

Unless otherwlse noted, the discusslcon 1s based
curves presented in figure 14. The slopes presented.
been averaged over a lift-cosfficient ra:age of 0.1 of the specifiled

1ift coefficlent.

Lift and Drag Characterlstics

Flgure
. 8
. 9
. 10
. 11
. 12

13
14
15

on the summary
in this figure have

The wing—elone lift—curve slope measured near zero 11Tt was
about 0.059 at a Mach number of 0.60. This slope compares with a
value of 0.062 estimated for this Mach number using unpublished semi—
span deta for a géometrically similsr model frg% the I.angley two—

dimensional low—turbulence tunnel (R = 1.5 X 1

to 6.0 X 106) as a

low—speed point and applying a compressibility correction as outlined
in reference 4. The lift—curve slope is practically invariant with
Mach number below force bresk. At M = 0.90 the wing-elone 1lift—
curve slope was sbout 0.061 as compared with 0.066 obtained at this
same Mach rnumber for the 45° sweptback wing of aspect ratio 4 and taper
ratio 0.6.. (See reference 1.) The addition of the fuselage increased
the lift—curve slope near zero 1ift espproximately 15 to 25 percent

through the test'Mach mumber range.
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The drag-rise Mach number at zero 11ft 1s not clearly defined for
the wing-elone confliguretion, although the initlal dreag rise would
appear to occur in the neighborhood of M = 0.90. The drag-—rise Mach
number for the wing—fuselage configuration was about 0.9%. The drag
data for the 45° sweptback wing of aspect ratio 4 published in
.reference 1 are not dlrectly comparsble with the present results
because drag dabta of reference 1 were mot corrected for end—plate tares.
Subsequent to the issuance of reference 1, however, drag data were
obtained for the wing of reference 1 by use of the sponge-wiper seal
technique previcusly mentioned in this paper. These data are presented
in figure 15 together with a comparison with the wing of aspect ratio 6
of this paper. The wing-elone data (Pig. 15) show that the effect of
agpect ratlo is negligible at Mach numbers bslow 1.05. However, at a
Mach number of 1.15, the wing of aspect ratio 6 had a drag value 0.009
higher than the wing of aspect ratio 4. A gimilar Increase in drag
with Increase in aspect ratio at the highest Mach numbers was cbtained
for the wing—fuselage configuration.

The leteral center of pressure Yep for the wing alone was

located at about 45 percent of the semispan at Mach numbers fram 0.60
to 0.95 and at 11ft coefficlents below 0.2. The same Yop Wes obtained

at low speeds from the aforementlioned Langley two—dlmensional low—
turbulence tunnel tests of a geometrically similar wing for a higher

Reynolds number range (between 3 X 106 to 6 x 106); however, at a
Reynolds number of 1.5 X 106, Yep Wwas located several percent further

outboard. The results of the present tests show that, between M = 0.95
and 1.00, yop moved inboard to about 42,5 percent of the semispan and

remained constant up to M = 1.18. The addition of the fuselage
shifted Yep inboard sbout 1 percent up to M = 1.00 but had no effect

at higher Mach numbers.

Pltching-Moment Characteristics

Near zero 1ift the wing—elone serodynamic center was located at
39 percent mean serodynsmic chord in the Mach number range from 0.60
to 0.85. The unpublished data of the Langley two—dimensional low—
turbulence tunnel on a geometrically simller wing Indicated an
aerodynamlc~center position of 25 percent mean aerodynamic chord. In
general, the position of the wing—elons aerodynamic center obtalned
at Mach numbers of sbout 0.60 in this series of bump investlgations
has indicated a somewhat more rearward aerodynamic—center position on
wings of appreciable sweepback than that obtalned from comparable low—
speed data of the Langley two—dimensional low-turbulence tunnel. (See
references 1, 2, and 5.) This aerodynamic~center shift mey be
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attributed to the low Reynolds numbers of the bump investigatlions. At .
the highest Mach numbers (1.05 to 1.18) there is a distinct flat spot -
in the Cp curves near zero 1ift (fig. 8) corresponding to an

appreciable forward ehift in aerodynamic—center location. Similer flat
spots were evident from the data of reference 1. The addition of the
fuselage moved the aerodynamic center forward about 8 percent mean
serodynamic chord at low Mach numbers. However, for Mach numbers
between 1.00 and 1.10 the addition of the fuselage increased the sta—
bility. The large lncrease in stabllity contributed by the fuselage
was asgocliated with the delayed appeerance of flat spots in .

the G, curves to a higher Mach number. At the highest Mach numbe

reached, these flat spots appear in both sets of data.

In the subsonic speed range, the wing—elone and wing—fuselage

Cm curves indicate appreclable instabllity at the higher 1ift coefficlents.

(See figs. 8, 9, and 14.) This instability which is characteristic
of wings with. appreclable sweepback occurred gt the same CIl but

appeared to be considerably more pronounced thern was shown in the data
of the wing of aspect ratio 4 (reference 1}. At the higher Mach
numbers this Instabillty appeared to be delayed to a much higher 1ift
coefficlent. Simllar effects at Mach numbers above unity were also
shown. in references 1 and 2.

Downwash and Dynamlc—Pressure Surveys

The downwash gradient OJe¢ /acr. near zero 1lift for both the wing-— .
alone and wing-fuselege configuratlions generally was a maxIimum near
the wing chord plane extended although the variation wilth tall height
was quite small in the range investigated. (See fig. 12.) The
verlation of OJ€/da with Mach pumber for hy = O and *30 percent wing
gemispan indicated an appreciable decrease in the downwash gradients
at the highest Mach numbers, particularly for the wing—fuselage
configuration (fig. 1k). .

The results of polnt dynamic—pressure surveys are presented in
figure 13. There is very little change in weke characteristics as the
Mach number 1is increased to 1.15, and the additlon of the fuselage had :
practically no effect on the dynamic—pressure retios through the Mach '
number range. :

Laengley Aeronautical Laboratory
National Advisory Committee for Aercnautics -
Lengley Alr Force Base, Va.
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TABIE I.— FUSELAGE ORDINATES
|T_3asic fineness ratio 12; actual fineness ratio 10

achleved by cubtting off the rear one—sixth of
the body; G/% located at 1/2

Y 2RV N—

Xyt
L L B

Ordinates
x/1 r/1 x/1 r/i
0 o o] 0
.005 .00231 4500 LO4143
.0075 | .00298 .5000 OM167
L0125 | .00428 .5500 04130
.0250 | .00722 .6000 . Clo2h
.0500 | .01205 .6500 .03842
.0750 | .01613. .T000 .03562
.1000 | .01971° 7500 .03128
.1500 | .02593 .8000 .02526
.2000 | .03090 .8338 02000
.2500 | .03465 .8500 .01852
.3000 | .037h1 .9000 .01125
.3500 | .03933 .9500 .00439
4000 | .0k063 ||1.0000 | O
L. E. radius = 0.00051
W
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Figure 1.— Generel errengement of a model with 45° sweptback wing, espect ratio 6, taper retio 0.6,

and NACA 63A006 alrfoil section.
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Figure 2.— Detalle of free—floating tail mounted in fuselage of a model. with 45° asweptback wing
aspect ratio 6, taper ratio 0.6, and FACA 654006 airfoil section.
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Figure 3.— Detalls of free—floating talls used in surveys behind model with 45° sweptback wing,
agpact retlo 6, tepor ratio 0.6, and NACA 65A006 airfoil section.
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Figure 4.— Photograph of a model with 45° pweptbeck wing, aspect ratio 6, taper ratio 0.6,

and NACA 65A006 airfoil ﬁited on the bump.
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1T

L-61938
Figure 5.— A cutawaey view showing the sponge—~wiper sesl installation on
the model with 45° sweptback wing, aspect ratio 6, taper ratio 0.6,
and NACA 65A006 alrfoil section.






above bump:tl.n.

Vertica! distance
ro

£

n

Verticat distance
above bump, in

M= 0.77 ws M=0.9/ :
U —— 7 TR E—— Uy §
72 1T [ L lnat | 8a | | LT | | 186
— 73— —— 7"= 76 e N i 1 T—a81
____.—J-"‘-‘- J— ol I S ]
e L 11/ - 88
_— y —— 4 — 08 __
T 4z A -6 — A o1 1 Be—
A7 £ T 7 f | 80T
,f7"—-'“,7 e | -—/—;*"‘“ 71 | 1 —a—
--——"-"_-_ | "1 N - "
. — 2 — —
——‘"f_-—-_- ! -'79—’_' ——-_--——-—‘ “ | -
1. / 8ol K T oo 7"
AL 80 o v A = o
8 R 7 i6 ] 8 0 12 14 16 18
- Nominal boundary-layer thickness '
Me 1,00 Mel.f7 A
:‘2 _—-1_-—r-"F"_‘_—‘ |t -95' I &/;/i///ﬁfﬁ: l':!|13:
5 R R—— s 71 o5 - 1.08=] [ =1 —17 = . ]l.14
— ” 7 . . — |1 /V . L —
=t -/ v 981 qi?g/g///t/’:“f‘—?jﬂ i "lg/
i i Sl I 1 ot S ot o s 7o K
S o I S s r A A | Sl
N I B s i W e N ] v~
o] L] ‘s
""“_—’_’ f_ L —1.03—] ‘/ . — /7”/ /i // ///
i Lioa—7 : P it P
. P e s 0 el et o — 7
8 10 12 14 18 10 12 4 18 I8

Station on bump, in.

e °

Station on bump, In.

Figure 6,— Typical Mach mumber contours over transonic bump in region of model location.

GOI6T W YOVN

6T



e
1.0 x 10'6 )
Mean
%8 - |
B
-g A £ ,///// ///} r/////
“ 2 w‘-—ﬁ‘
'éq -6 ﬂwﬂlﬂ/ W%A \\\ ‘\\\ \\\\\ \\ \\ \\\
& @Tﬁ‘ a
4 . ’ ' m l ]

.6 T B kY 1.0 1.1 1.2
Mach number, M

Figure T.- Variation of test Reynolds number with Mach mmber for a model with #5° sweptback wing,
aspect ratio 6, taper rdtioc 0.6, and NACA 65A006 airfoil section.

o2

gOIST W VOVH




)

11,165 6

Arngle of attack, o , deg

4;
LA,
.
i '-f'j
O -'U /‘I
0 4 LAl ¢
/’1/
O / <
r"’/"
0 0
0 — /A/p{
0o .
0 i fva
0 J A/A
7 o
0 12|
o LI AALA
08 :
0
0 4 Yo
0 ]
0 |- '
o]
-4
-02 0 02 u4 -6

Lift coefficlent, Cy

L18 @

1,10 ©
1.08<s H
1059
103 ¢
1,00 &

8
<

8
=
Pitching-moment coefficlent, C

85 @
B30

B8 h
.85 a
80 ¢
W70 O

OO0 0CC OO0 OO0 OO0 Q0o o

3
©
o

118 &

.15 6

A 7

1.10 @
1.08 g

105w

103 %

Firdriravisis

n

1,00 &
.08 ¢

€

g5 @

IBFF 27

30

dolpIr o

20 B
88 1

#r

N

o F Y %

.85 2

Tk
A

0

2

I4 l6

© Lift coefficient, Cp

.8

Drag coefficiant, CD

Lift coefficient, Cp,

Figure 8.— Aerodynamic characteristics for a model with 45° sweptback wing, aspect ratio 6,

teper ratio 0.6, end NACA 65A006 airfoil section. Wing alons.

DAl
.32 2 Mﬁt
onr T s
0B DT
O—' )/’?p' N
o 24 L m“//’v’/
0 ) >
A
20— ,
0 |' gl
0 ﬁ_@_ = fﬁ.
0.16 ale e ,ﬂ’/
0 Sad o a [~
0.2k, ’Emzf
o Ead g {5/"
0 .08 F. . (.
0 Fe L: - ;1/ '/
- 0-.04 —] A 7
0 - 7
0-—F Y
N I | ]
-2 0 2 4 .8 B8

QOI6T WH VOVN



NACA RM IL9IO8

22

1.18 @
1,15 ¢
1,10 ©
1.08 @
1.05 %
1.03V
1.00 &
98 ¢
95 @
93 a
.90
88 &
85 A
80 <

70 O

80 ©

Lift coefficient, C L

L1 4
1A A

OO0 OO OO OO0 OO0 © o oo
95 “quotoryeon JuswoUW-SuTpusd

Figure 8.— Concluded.



[

Angle of attack, & ,deg
OO0 0 OO0 OO o000 C 0O o

o 4
v o
/4 /I’/p/ﬁ
/é/ A} /-."' M ’ = . /“/
£ ,//' : . ; M —ELaW ey '
- = 7
¥ s 1.15 © od o : A7]
N . 1.15 ¢ e
A AL 10e O BRSNS o T X B
r/ 17 '1 4] .2 1.10 o) 0 k- P, /u
/1/,{ /‘(‘ 4 1.08 @ 3 0 3 - — 108 9 0 4
v.llvd 105w © T ol o P | A Ml P
o g ras Vel . 0 ] ] 1.05‘3 0
' Pl Vd V% r Y O L —er] /{/)‘
< Ay 1039 R o~ =¥ 1039 .0 =17
ol Ve V% 0 1 g 0 b hﬁ‘ ] ¢4 ol /‘{
v ; Mo g 3 211008 § 0 T A
vl Pl P 9 0 vy " T4 » Q 0’4/ /Z
9.4l Yol BV off Vd Va 98¢ H o . 8¢ & 0 i
1 e AN g 0 M '
~ < A Bhe o g =S ST g5 @ § 0 /
D/]// 'a *~ ’ 0 b '{ /
202, e B30 O o 2k 934 2 0,12 = 447
o] o A0 B 8 0 — h/P .90 B g 0 - (// P
8 4 gg b H iV A 4 7 A
1] . 0 o B8 n 0 .08 ;
LA B7 NE0
/Q/" v .85 A 0 = );[/ B85 A 0 v 'V—VEH}{-
4 4 . 806 8 0. TS }J/p 80 ¢ 0,04 i
M - JO0 @ X 0 TP (/Q/ J0 @ 9 oo
0 .60 © P 80 © 0= . l
o SRR
-4 1 : . L 177 | ,
-2 0 .2 4 8 8 -2 0 .2 4 8 .8 -2 0 2 4 B 8
Lift coefficient, Cp | WL ' Lift coefficient, C,

Figure. 9.~ Asrodynemic characteristics for a model with 45° sweptback wing, aspect ratio 6,
‘taper ratio 0.6, and NACA 654006 airfoll section. Wing fuselage.
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FPigure 9.— Concluded.
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Plgure 10.— Effective dowowash angles in reglon of tall plane for a model with 1}50 ewaeptback wing,
- aspect ratlo 6, taper ratio 0.6, and NACA 654006 airfoll mection. Wing alone.
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Flgure 11,— Effective downwegh angles in rsgion of tall plene for a model with 1+5° sweptback wing,
aspect ratio 6, taper ratio 0.6, and NACA 65A006 airfoll section. Wing fuselege.
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Figure 11.— Concluded.
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Figure 12.— Varlation of downwash gradient with tail haight and Mach number for & model with
45° sweptback wing, aspect ratio 6, taper ratioc 0.6, end NACA 65A006 alrfoil section.’
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Figure 13.— Dynamic-presaurs surveye In region of tail plane for a model with 450 gwepthack wing,
aspect ratio 6, taper ratioc 0.6, and NACA 65A006 alrfoll section. '
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Flgure 13.—~ Continued.
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Figure 13.—~ Concluded.
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Figure 1%.— Summary of aerodynemic characteristics for a model with 45° sweptback wing, W

agpect ratio 6, taper ratio 0.6, and NACA 65A006 airfoil section.
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Figure 15.— Effect of aspect ratio on the minimum drag characteristics
. obtalned from tests using a sponge—wlper sesl for wings with
45° sweepback, taper ratio 0.6, and NACA 658006 airfoil section.
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